Circadian periodicity is not always 24 hours. The clock regularly has to reset to be synchronized with the natural phase of the day-night cycle. Light is believed to be the most important input factor to the plant circadian clock [1] -particularly the boundaries of dawn and dusk [2, 3] -adjusting the clock's phase in a process termed entrainment. The phytochrome and cryptochrome photoreceptors are believed to provide the primary initiation event of diurnal-sensing [4] . The expression of photoreceptor genes is clockregulated, and therefore they serve as phase-specific sensors to regulate entrainment of the oscillator [5] [6] [7] . It is unclear how light perception per se leads to a signal-transduction cascade that ultimately 'rewinds' the clock. But progress is being made in understanding this process, as evidenced by the recent Current Biology paper of Kevei et al. [8] : they report evidence that a small, functional GTPase is critical for normal oscillator function at the dusk phase of the diurnal cycle.
The plant oscillator is an interconnected system consisting of four coupled feedback loops [9, 10] . The core of this system is a loop containing two genes encoding Myb-like proteins: CIRCADIAN CLOCK-ASSOCIATED1 (CCA1) and LATE ELONGATED HYPOCOTYL (LHY). The expression levels of CCA1 and LHY peak in the early day, and their products repress the gene TIMING OF CAB EXPRESSION1 (TOC1). TOC1 encodes a 'pseudo response regulator' and is expressed towards the end of the day [11, 12] ; it feeds back on CCA1 and LHY activity, either directly or via an interconnected evening loop that includes GIGANTEA (GI) [13] . Two additional morning loops containing the PRR9 and PRR7 gene pair are coupled to CCA1 and LHY expression [9] . The system is thus built of multiple oscillators driving timing information specific to daily time. Most clock components have only been characterized in relation to transcriptional activity, though some studies [14, 15] have indicated that post-translational events are also important. So in order to characterize further the properties of the circadian system, it should be informative to take a closer look at the post-translational processes of clock components.
Kevei et al. [8] identified the LIGHT INSENSITIVE PERIOD1 (LIP1) gene in a screen for mutations that alter rhythmic clock-gene expression. LIP1 turned out to encode a small GTPase belonging to the family of plant-specific Rho-related GTPases. The LIP1 protein sequence has divergent features compared to its closest homologues, and so might have a unique biochemical function; but it is a biochemically functional GTPase.
In the lip1 mutant plant, multiple circadian output rhythms have an abnormally short period. The implication is that LIP1 acts as a repressor of clock pace -in its absence, it seems the clock runs more quickly. In addition, the regulation of period length is impaired at high fluence rates of light, where the lip1 mutant has a wild-type period, suggesting that light signaling represses LIP1 activity under high irradiance. Thus, negative arms control clock rhythms with respect to light input.
LIP1 function was found to be required at a particular phase of the day. A phase-resetting experiment showed that the lip1 mutant exhibits increased sensitivity to light during the first half of the night, further supporting the view that LIP1 controls light input to the clock. But interestingly the lip1 mutant phenotype is not solely confined to abnormal responses to the light environment. Furthermore, LIP1 does not act on the mean transcriptional activity of clock genes, and LIP1 expression is not itself clock-regulated. LIP1 function is thus distinct from previously described clock regulators and the data are consistent with LIP1 having a post-translational role in clock regulation.
The targets of LIP1 GTPase activity remain to be identified. Among the w100 small GTPases encoded by the Arabidopsis genome, versions of Rab, Rho, Arf and Ran can all be detected [16] ; LIP1 does not belong to any of these clades [8] . Small GTPases have notably been implicated as regulators of intracellular membrane transport processes [17] . One reason LIP1 is of particular biochemical interest is that it lacks a membrane anchor, and it may have evolved away from membrane biology to adopt a novel biochemical task [8] . It is known that different GTPase isoforms can have distinct protein targets [18] . One can speculate that LIP1 might act on the clock by direct modulation of a core-clock element. As many small GTPases are effectively 'molecular switches', it is tempting to speculate that LIP1 enacts a small feedback loop of biochemical activity within the mechanics of the clock.
Interestingly, under diurnal conditions, the lip1 mutant was found to have low TOC1 expression [8] . This is consistent with LIP1 having an evening function, perhaps specific to one of the four feedback loops in the circadian system. The 'second loop' connecting the expression of the evening genes TOC1 and GI to the morning genes CCA1 and LHY has been shown to require light-input signals [9, 10] . Perhaps LIP1 has a major role in control of light input to the clock at this 'entry point'. Further experiments are needed before LIP1 can be integrated to the loop-structure of the circadian system.
The involvement of small G proteins in control of the central oscillator is emerging as an evolutionarily conserved clockcontrolling step. Although LIP1 is the first example of such a protein in the Arabidopsis clock [8] , there are indications from work on other systems that G proteins play a part in circadian biology: in particular, a diverged small GTPase-like protein apparently influences circadian rhythms in the mouse [19] , and a close Rab-relative from pea was found to regulate light signals [20] . In the mouse study [19] , earlybird (Ebd) was identified as a short-period mutant in a direct screen for clock-defective animals; Ebd was shown to be identical to the Rab3a locus. Interestingly, here, as with LIP1, the Ebd mutant was found to have normal expression levels of core-clock genes. LIP1 and Rab3a are both GTPases suggested to be working post-translationally on as yet unknown targets.
PRA2 from pea was isolated as a gene encoding a small GTPase that mediates photomorphogenesis [20] . The lip1 mutant is also perturbed in light perception [8] , but there are two key differences between LIP1 and PRA2. For one thing, PRA2, and not LIP1, is a typical Rab/Rho, in that it is membrane-localized [20] . Furthermore, LIP1 function in the clock can be uncoupled from photomorphogenesis. Collectively, it looks as if divergent systems have incorporated GTPases as biochemical mediators. But for LIP1, this is probably the extent of analogy, as it is degenerative within the Rab/Rho clade, and it is not obviously membrane sequestered. Understanding how LIP1 functions within the Arabidopsis oscillator holds great promise towards opening our eyes to the biochemical and cell-biological events of the plant circadian oscillator.
